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Field of the Invention 

The present invention relates to flame retardant polymer compositions, and 
particularly to snch compositions which inclnde particulate clay minerals. The 
invention also relates to particulate filler materials for the compositions, to process 
intermediates from which the compositions may he formed and to articles made from 
the compositions. 

B. f Ugrnund "f «■« Tnvention 

Flame retardant polymer compositions are widely used, particularly in 
lo cations where there is a risk of high temperatures and/or fire, or where the 
consequences of burning of the polymer composition would be catasttophrc. For 
example, me sheathing or coating of electrical cables must meet .legally specrfied 
flame retardancy standards, to limit the riskof failure of electrical systems inme 
even, of a fire and to limit the risk of a fire being started or spread as a result of . 
overheating of the cable by the electiic current The cable sheathing or coating wfll 
be nmd to withstand a specified temperature. 

Generally speaking, flame retardant polymer compositions include addmves 
which can have one or more of the following effects on exposure of the composmon 
to fire- (i) char promotion, in which the combusted composition forms a solid mass 
("char") which provides an insulating layer against the .fire heat, inhibiting escape of 
volatile combustible materials from the composition and inhibiting inward diffusron 
of oxygen; (ii) imparting drip resistance, in which the tendency of afltennoplastic 
polymer to drip when heated is reduce* (in) promotion of heat absorption, in winch 
tte additive removes heat from the system; and (iv) promotion of heat qnenchmg, m 
which the additive inhibits combustion in the gas phase by interfering with the 
chemical reactions which spread and maintain a flame. 

Known char forming additives include phosphorus-containing compounds, 
boron-containing compounds and metal salts such as alkali metal salts of sulphur- 
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cental compounds, which can &se and solidify at flame temperatores, titereby 
creatmgaceramic-tike or glass-like mass which structurally supports me char. 

Known drip suppressing additives for thermoplastic polymers mclude 
po ,vtou^uoroemylene(mE). The PTFE is Really present at an amount of^p to 

thermoplastic polymer under molten conditions. See, for example, WO-A-99/ 3747 
mi the prior pubUcations referred to therein and in the search report thereon, the 

eontents of which are incorporated herein by reference. 

Knownheatabsorbingaddirivesinctademetmhymoxidesorhydratessuehas 

drives are believed to work by absorbing heat to evaporate water eontarned na men- 

structure. , , . o1 

Known heat quenclring (fla.ning resistoce) additives mclude fieeradrcal 

scavengemsuchasorganichalogerr^^^ 

toto the name, which inhibit combustion of Are gas phase. Synergic co-addrtrve^ 
such as antimony oxide may be present, to enhance the hea, clenching effects of the 
r.eeradieal.cavengers.See.forexampie.USPatentNo^SSasaaandthepr.pr 

I are incorporated herein by reference. 

The known additives are not entirely satisfactory, however, and the need for 

aiternahveand.improveriaddi.ivesremama. For example, additives such as PTFE 
can adversely affect the surface finish of tire composition The use of halogen- 
eontainingeomponodsisbeUevedtocau^healmproblemsa.denviromnen^ 

d^age. The additives can also adversely affect impact strength and impact re— 

urgethatthelevelofadditiveusedisaslowaspossible. 

Proposalshaveteenmadetomcludecertamclaysasflameretaxdamaddrtives 

. i npo 1 ymercompositio M ,manattem P t«oatrswersomeofmesedifficulties. WO-A- 
99/43747 andUS Patent No. 4582866, referred to above, teach the inclusion of an 
organoclay, more specifically organomontmorillomte as a co-additive. 

WO-A-01/46307, the disclosure of which is incorporated herein by reference, 
describes polypropylene, ABS (acrylomtrile-butadiene-styrene) copolymer, 
polystymneandpolymemanecompositionsCaUmermoplasticpolymersieon 



PCT/GB03/01364 

WO 03/082965 3 

ph— deanddecal^he 2^22^ 

compositions all show no dnpprng onder the Underwn 

rU L 94") vertical flame test (ASTM 3801), test specunens 0.062 mches (1 .57 

*'* USPatentNo 5946309, the disclosure of which is ineorporated herein by 
15 ^tohaveahishaapectraho.pre^*^^^^^ 

ioadingof 100 P hr(i.e. 50:50 weight percent polymer^ller). 
' „„ , n ThetwoATHsusedhadBETsurfaceareasof0.24and2.0m/g 

^^4, ^compositions WereteSted&I ^T" 
,0 Dto sical P roperticsofthethc m osetcomposi te (colnmn22,hne60to67) 

carefully balancefhe flame retardancy pins the viscosity reductron and specrfic 
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cavity reductionbenefits of ATH use against the leased cost and reduced surface 
finish disadvantages in a given application to achieve the best cost versus 

performance properties. 

Thepresentinventionisbasedonu.estupHsingfutdingthat.byusmga 

particulate clay filer at a high number of day mineral particles per unit volume rnthe 
polymer composition, orahigh aspect ratio particulate kaolin having an avemge 
particle diameter less than about 4 pm in a filler component of a polymer 

acceptable degree of char strong* can be obtained, optionafiy together wrthdnp 
distance, while substantially preserving general desirable physical properues of the 
polymer compositions. 

i Moordmgtomepresentmvenfionmafhstaspeot.mereisprovidedaflame 
re tardant polymer composition comprismg a pdymer and a particulate clay mmeral^ 

ahoutlpartideper 100 pm', provided tha, the day minora! present at the sardparucle 
Barnherperunitvolumeisnotanorganomontmofmomte. 

In embodiments of tie invention, tire particle number per unit volume rs at ^ 
ieastabout2partic.es per 100 W, &r example a, reas. about 5 particles per 100 pm , 
forexampieatleastabontSpartidesperlOOpmSforexarnpleatleastatoutlO 

partidesperlOOpm'.forexmnpleatleastaboutlSpartidespenOOpm oratleast 

about 20 particles per 100 pm 3 . 

Normally, in compositions of mis aspect of the invention, the psrhcle number 

. ^*tah».rt--*«t- 1 "f , »» i » - '*" ail ' 1W " 
particles per 100 nm 3 . 

Tie clay mineral may be selected from kaolin clays and non-kaolm clay 

minerals. Kaolin clays are preferred. 
30 Asstatcdabove^eolaynfineralpresentatthcsaidparticlenumberperuntt 

volume is not anorganomontmoriilonite. In embodiments of the invention, tire clay 

mineral is not an organoclay of any type. 
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flaJ ne — poiymereomposmoncompnsmg i ^:;7 toabout4mictons 

which is greater than about 10, e.g. gre parti cnlarly at 

leastaboutlOO.e.g.atkastabou.nO andprefe J P on _ kaoita 
The composition may soitably urclude one or m n* 

exponent, one or more conventional non-flame oporfion to *e 

no n^lmcomponentwU,— ^»-^„ fte 

e^ential components of the composrtton The ^ fthe 

coiposinonpref^blyeonsdnr.ethema.ontyCr.e.overhaH) 

^^^^^^^^^ 

me tal salts, me^hydroxrdea, metal oxra y ydloorf ,ons, and 

ion.xehangedandanyomermodifiedorganoeUays^hMo ^ 
any combmauon« h e I eof,typicanyboneac I d,ameMbora te an y 

thereof, A preferred name re^dant ^"^nt when present, may, for 
Theoonventionamon-flameretardan.component.w J 

e^eers.monidxelease agents, nudeatmg agents, elaxrfymgage 

combinationthereof: ^ te daspeet, there is provided a 

Aeeordingtothepresentmventionma „. &n the Slier material 
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comprising a mixture of a particulate flame retardant (for example, ATH) and 
particulate kaolin clay, wherein Are particulate kaolin clay has a mean equtvalent 

LorwmchisgreaterthanahoutlO.e.^greaterfl.naboutBO. ^p—flUer 

component and/or one or more non-kaolin non-flame retardant component 

For processing to form thepolymer composition, Are components w.11 
preferably be mixed, the polymer component being present as liquid or peculate 
Llid,optionaHyasoneormoreprecmsor(s)ofthepolymercomponent Sucha 

present invention. . . 

Accordmgtomepresentmvennonmasix-tha.pcctmere.sprovtdedan 

or housing, formed from a flame reterdant polymer composmon accordmg to me first 
15 or second aspect of the present invention. 

n.t,il«d Dese -r""" " f Tnventilm 

Particulate Kaolin and Particulate Non-Kaolin Clay Minerals 

(metakaolin), fully ealcined kaolin, ball clay or any combination mereof . The kaohn 
layispmferablyahydrouskaolin. Mixtirres of different kaolins and/or non-kaohn 
clay minerals may be used, provided mat the particulate kaolin/non-kaohn clay 
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A clay mineral e.g. kaolin product of high shape factor is considered to be 
m o re »platey-'thanakaolmprodnct„flowshape6ctor. "Shape factor" as used 
taeinisameasure of an average value (on a weight average basis) of theratro of 
mea n particle diameter to particle thickness for a population of particles of varymg 
siz e and shape as measured using the electrical conductivity memod andapparatus 
d escribedmGB-A-2240398/US-A-5 1 2 8 606/EP-A-0528078andusmgmee <1 uations 

derived in the.epatent specifications. -Mean particle diameter" is defined as the 
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elohgated tube. Measurements of the electrical conductivity are taken betweea(a) a- 

shapefectoroftheparticulatemateriaundertestisdeternnned 

The-aspectrario-parameterofthekaoiindayproductofrnepnorartUS 

PatentNo. 5946309 isnotrn^caUytKesan.easunc^^ P-an^^ 

fc «-' d, ' , 7" o t' 

average equivalent particle diameter of me kaolin used in the present mvennonrs 
vvithshapefactorbetwecnsuchdifferentmaterialshasnotbeenmade.. 

.suppLbyMicmmeriricsInstrumentsCorporarion.Norcmss.Oeor^USA 
(telephone: « 770 662 3620; web-site: y^^m^Pffl), referred to herein 

vAich mere are 50% by weight of tie particles which have an equivalent sphenca! 
diameter less than that d 50 value. 
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rvalue of d M for theparti^^Uni, lessthanor^to about^ 
ftv Sedigraph) e.g. less than or equal to about 3pm. It may, for example, be ur the 
rSraugeO^toaboutS^eapeoiaUyO^toabouta^. Forexampe, 

'^'jnme case of particmate clay n^^^^ 

relatively low, to provide the required partlole uumber. 

Lparueulate.aolinorotherclayacoordiugtodtebavenboon.ybe _ 

preparedby light conmtinution, e.g. grinding or nulling, of acoarse Wur to^ve 
^dlanLionthereof. Tbe comminution .ay be cartiedout by use of b^s 

^^to^s^edwor^toarriveatth.re^parbb^a^^ 

Lor Ooe^P^^^^^"^^"!? t 
ItoaboutlSO fttypieaUyalsobaaaspecificgraviryafabouti^g/em.aspeafic 
120 to about 1W. itryp , lre j bv the BET nitrogen absorption method, a 

sur&ceareaofaboutllm^/gasmeasuredbytheBblni g , of46 4% 

weight of the partieles have a size less than 2 ton. 

Thekaolinoronrerolaynnneralissuimblypresentmtepolymer 

•-. tl4 rt,*hmsent invention at amounts in the general loading 
30 composition according to the present invent 

,„ j u tisnnartsbv weight per hundred of polymer, and 
range between about 10 and about 150 parts oy weigu v 
m orepreferablybetweenaboutl0andaboutl00partsperhundred. 
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and halloysite; chlorites; attapulgite and sepiohte. 
Particle Number Per Unit Volume 

unit volume or iNpuv; i according to the 

volume ftactioa of to clay iB &e polymer oomposmon («, accor 

following relationship: 
6 <j> 

15 N pm =-^ 

(^dlskoxplateietWaadthesaapefactor^asfollows. 
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^^gsetal, P^to--^*-"^^*"^' 
Pro c.RSoe.Lond.,A419, 137-149,1988). 

25 Polymer 
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polystyrene, polyester, aorylonitrUe-butadiene-styrene oopolymer, nylons, 
polyurethane,ethylene-vinylaoetate polymers, and any mixture thereof, whether 
cross-linked or un-cross-linked. 

The term "precursor" as applied to the polymer component will bereadtly 
5 ^erstoodbyoneofordinaryskiUintheart For example, suitable precursors may 
include one or more of: monomers, cross-linking agents, . curing systems compnsmg 
cross-linking agents and promoters, or any combination thereof. Where accordmg to 
the mventionthe particulate clay mineral, e.g. kaolin clay, is mixed with precursors of 
the polymer, the polymer composition will subsequently be formed by cunng and/or 
10 polymerising the precursor components to form the desired polymer. 

Flame Retarding Component 

As stated above, the polymer composition according to the present invention 
15 may suitably contain one or more non-kaolin flame retarding additives. Such 
additives may, for example, be selected from one or more of the followmg: 

(i) One or more char promoter; 

(ii) One or more drip suppressant; 

2 0 (iii) One or more heat absorber; and 

(iv) one or more heat quencher (ignition suppressant). 

Anyconventiondsuchadditive S maybeused 5 aswUlbeap P arenttooneof 
ordinary skill in Ms art. Examples of such additives include: 

25 

nw prnmoters and drip suppressants 

Phosphoros-containing compounds (e.g. organophosphates or phosphorus 
30 pentoxide),boron-cont« 

sodium borate, limium metaborate, sodium tetraborate or zinc borate), organoclays 
(eg. smectite clays such as bentonite, montmorillonite, hectorite, saponite and 10 n- 
exchanged forms thereof, suitably ion-exchanged forms incorporating cations selected 
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dioxide); 

p^at absorbers 

Metal salts, ^^(^Am-^^^ 
thereof (e.g. sodium tetraborate decahydrate); 

UMi q uenchers 

1^0^^^-*^ 

preferably between about 5 and about 50% by. weight. 
Non-Flame Retarding Component 

The polymer composition may include one or more non-kaolin or non-clay 
L,omnts,anu-de^ 

Jo* (e g erueamide, oleamide, Enoleannde or steranude), couphng agents (e.g. 
"ruling 

^i«mste^),nu«agen*cW^ 

30 ^^non-k^nWnon-ciaynon^ 

suitablypresentmthe polymer composition or the filler nraterialaeeording to ure 
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present, non-kaolin flame retarding component, and more preferably between np to 
about 30% by weight. 

The coupling agent, where present, serves to assist binding of the filler 
particles to the polymer. Suitable coupling agents will be readily apparent to those 
5 skiuedintheart: Examples includes silane compounds such as, for example, tn-(2- 
.nethoxyefltoxy) vinyl silane. The coupling agent is typically present in an amount of 
about 0.1 to about 2% by weight, preferably about 1% by weight, baaed on the wcght 
of the total particulate filler. 

1 o Preparation of the Compositions 

Preparation of the polymer compositions of the present invention can be 
accomplished by any suitable mixing method known in the art, as will be readily 
apparent to one of ordinary skill in the art. 
15 Such methods include dry blending of the individual components or precursors 

thereof and subsequent processing in conventional manner. 

In the case of thermoplastic polymer compositions, such processing may 
comprise melt mixing, either directly in an extruder for making an article from the 
composition, or pre-mixmg^^ 

Dry blends of the individual components can alternatively be directly injection 
moulded without pre-melt mixing. 

The filler material according to the third aspect of the present invention can be 
preparedby mixing of the components thereof intimately together. The saidfiller 
-material is then suitably dry blended with the polymer and any desired additional 
25 components, before processing, as described above. 

For the preparation of cross-linked or cured polymer compositions, the blend 
of uncured components or their precursors, and, if desired, the clay, for example 
kaolin and any desired non-kaolin/non-clay components), will be contacted under 
suitable conditions of heat, pressure and/or light with an effective amount of any 
suitable cross-linking agent or curing system, according to the nature and amount of 
the polymer used, in order to cross-link and/or cure the polymer. 

For the preparation of polymer compositions where the clay, for example 
kaolin, and any desired non-kaolin component(s) are present in situ at the time of 
polymerisation, the blend of monomer(s) and any desired other polymer precursors, 
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clay for example kaolin and any non-kaolin components) will be contacted under 
stable conditions of heat, pressure and/or light, according to the natere and amount 
„fthemonomer(s) used, in order to polymerise me monomer© with the clay, for 
-.eKamplekaolinandanydesirednon-kaolineomponentCs);,.^. - 

Articles 

The polymer compositions can be processed to form, or to be incorporaled in, 
arfclesofcommercemanyamtableway. Such processing may include compress 
molding, injection moulding, gas-assisted injection moulding, calendaring, vacuum 
forming, thermoforming, extrusion, blow moulding, drawing, spinning, film formmg, 
laminating or any combination .hereof. Any suitable apparatus may be used, as wtll 
be apparent to one of ordinary skill in this art. 

The articles which may be formed from the compositions are many and 
: various. Examples include sheaths for electrical cables, electrical cables coated or 
sheathed with the polymer composition, andhonsings and plastics components for 
elecufcal appliances (e.g. computers, monitors, printers, photocopiers, keyboards, 
pagers, telephones, mobile phones, hand-held computers, ne^ork interfaces, plenums 
< and televisions). 

RHef Pesd-jr * 1 ™ nf * he Swings 

' Embodiments of the present invention will now be described, purely by way of 
, exampleand^thoutlhmtetiomwi&tefetencetothelaterExamplesandwA 

25 reference to the accompanying drawings, in which: 

Figure 1 shows graphs of shear viscosityon a logarithmic vertical axis (Pa.s) 
plotted against shear rate on a logaruhmic horizontal axis (A for (a) two polymer 
compositionsacoordingtothepresentmventionandWtwoconteolo.mpositio^ 

including any mineral filler; 
30 FigmeashowsagraphofshearviscosityonalogarithmicvertioalaxisCPa.s) 

plotted against shear rate on a logarithmic horizontal axis (s 1 ), for two further 

polymer compositions according to the present invention, as well as the same 

compositions as shown in Figure 1(b); 
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Figure 3 shows a graph of char strength plotted against Number of particles 

' p^^showsagraphofheatreleaserate^p.ohedaga.sttuneCs) 

feoertatopolymeroompositionsaceordingtothep-.esentinver^n-, 

Fig Le5sho«sag ra phofspecifioextino ti ona I ea(n 1 ^g)(represe D tat,veof 

4. extent of smoke production) plotted against time (s) for certain polymer 
compositions according to the present invention: 

FigM e 6 shows a graph of CO and CO, emission (kg/kg) agamsttnne( S )for 
certainpolymer compositions according lb the present invention; and 

per nnitvlreforcertainpCymer compositions according to 4e present mvenhon. 
n^.M n^crin f- nrawtof s and Examples 

Preparation of Test Materials 

^efollowingExamplesUlnstra^thepreparationofthetestmaterials 
embodying the present invention and the comparison and control matenals. 



20 ^glateylClai 

' Apowderedplateykaolmclay(designa.edClayA)wasnsedmsomeofme 

factor in the range of abont 1 20 to abont 150; a specific gravity of abont 2 o g/cm , a 
iXurfJareaof^^^ 

Lcd-abrightnessaSOof abont 89; a cherpica. ana,ysis (by X-ray flnorescence^ 

67% by weight of the particles have a size less than 2 um. 
Other Clays 

Annmber of other clays, designated ClaysBtoM, were alsonsed in some of 
theExamples. Their chemical analysis data (by X-ray fluorescence) are set ont m 
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Tablelabelow. Table lb shows data relating to the mean equivalent particle 

US ed inthepolymer compositions. Clays A to J ate particulate hvdrous kaohn o^y, 
Clays K to M are particulate tully calcined kaolin clay, Clay N is a peculate *lc. 

days AtoNare all available commercially, or can readily be prepared from 
commercially available materials. 

Table la 



Clay 



M 



XRF chemical analysis (wt %) 



SiO a 



46.4 



49.4 



48.1 



48.98 



47.36 



AI2O3 



38.46 



35.58 



36.81 



35.87 



48.49 



48.35 



55.97 



48.59 



56.72 



37.04 



36.54 



Fe 2 0 3 



0.32 



TiQ 2 



0.95 



0.87 



0.84 



0.57 



36.7 



0.42 



0.69 



0.01 



0.08 



0.03 



0.03 



0.56 



CaO 



0.02 



0.05 



0.06 



0.1 



0.04 



0.03 



"29.17 I 1.24 



35.44 



54.71 



62.7 



38.98 



44.14 



40.34 



<0.01 



0.6 



0.9 



0.87 



0.64 



0.98 



0.02 



0.06 



MgO 



K2O 



139 



0.25 1 2.43 
0.24 I 2.1 " 



0.24 
<0.01 



1.72 



0.04 



N/A 



0.18 



0.09 



<0.01 
1.38 



0.06 



<0.01 



0.06 



0.08 



0.07 



0.23 1-28 



0.11 



~oJT 1 1-18 



Na 2 0 



Loss 
on 
Ignition 



0.09 



0.09 



0.09 



0.12 



13.01 



11.17 



11.71 



12.12 



0.12 



0.09 



0.42 2.76 



0.34 1.07 



0.29 2.71 



""0.1 34.62 " <0-01 



0.06 
' 0.4 I 1.42 



14.22 



18.85 



12.79 



0.16 



0.13 



0.26 



<0.01 



13.55 



0.49 



0.4 
1.86 



6.1 



Table lb 



Filler 



Superfine SF7 
ATH . 



NSF 



130 
70 
32 



15 
25 



35 



25 
3 



d50 
<jAm) 



1.28 
1.61 
1.04 
" 0.6 
0.61 
0.51 
0:41 
0.2 
0.22 
0.12 



ggrfforapb. % be low (nm) 



10 



96.0 95.1 



98.2 
99.6 
99.9 



99.4 



94.2 
83.7 
92A_ 
98.1 
99.7 
97.9 
98:9 

95.4 
99 
86.8 



. >99 
96.6 
99.1 I 97.3 



90.2 



69.4 
52.6 
63.1 
80.7 
90.9 
83.8 
92.6 

■ 84.9 ~ 
97.8 
50.1 
92.1 



0.75 



40.8 
34.2 
47.1 
64.6 
69.3 
69 
80.3 

76.9 
97.6 
20.8 
84.9 



0.5 



30.5 
27.7 
40.9 
57.3 
57.3 
61.9 
72.1 



97.8 
12.1 



76.1 



0.25 



18.7 
. 31.8 
45.6 
40 
49.5 
56.8 

" 67.6" 
96.8 
5.6 
49.7. 



<5% 

~TT 

10.2 i 
15.3 
24 
16.1 
27.1 
30.4 

49.3 
81.5 

<5% 
7.3 
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Talc-N 

7TM~ 



Claytone uvl AF 



22. 



1000* 



0.31 



0.5* 
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Sedigraph % below (um) 



99.4 



99.1 



* estimated 



8.2 



96.6 



94.1 



81.1 
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Silane 

The silane used in the Examples below was tri-(2-methoxyethoxy) vinyl 



5 silane. 

Examples 1 to 4 



The materials used for Figure 1(a) and included also in Figure 2 were prepared 
by compounding the following thermoplastic polymers with Clay A at a loading of 
61% clay by total weight of the composition: Example 1 usedEscoreneUL0019, an 
ethylene-vinylacetate copolymer available from Exxon Corporation, and the 
composition also contained 2% by weight of AC400, which is an ethylene- 
vinylacetate co-polymer (available from Honeywell), as a plasticiser; Example 2 used 
eiearflex Linear Low Density Polyethylene (CLDO), available from Polimeri Europa, 
and the composition also contained 2% by weight of AC6, which is a polyethylene 
homopolymer (available from Honeywell), as a plasticiser. A conventional Brabender 
mixer was used for the compounding. 

^composition of Example 3, one of the further pompositions.according to 
20 the invention included in Figure 2, was prepared by compounding EscoreneUL0019 
with a 50:50 by weightmixture of powdered ATH and. Clay A at a total filler loachng 
of 61% filler by total weight of the composition. A conventional Brabender mixer 
was used for me compounding. 

The composition of Example 4, the final composition according to the 
25 invention included in Figure 2, was prepared by compounding CLDO with a 50:50 by 
weight mixture of powdered ATH and Clay A at a total filler loading of 61 % filler by 
total weight of the composition. A conventional Brabender mixer was used for the 
compounding. 
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TUeoo^o^tenalsusedforRgurelWandiBciudeddsoinFigure^e 

^uutiUedEscotenetlLOO^andClearflex polymers eachcontainmg2/o of Ore 
. tteATHgradeusedtotheexampleswasSuperfineSFYavadablefto.o ...... 

5 Alcan. 

jtv. F— r - " C2 and Samples 5 to 1 1 

Example 3 was repeated, but replacing the following proportions of ATH:Clay 
10 A for the 50:50 ratio previously described. 

„tivcExampleCl:Esco K neUL0019 + 2%AC400 + 61%A-IH ; 
E Jp l c5 ; EscoreneUL0019 + 2%AC400 + 61% fl ller(90:10bywe Ig htATH.Clay 

15 Samplea: Escorene UL0019 + 2% AC400 + 61% filler (70:30 by weight ATH:Clay 

. ExLplelO: Escorene UE0019 + 2»/. AC400 + 61% tiUcr (50:30:20 by weigh, Clay 

A- ATH:zine borate); . 
25 Example 11: Escorene UL0019 + 2% AC400 + 61% filler (30:70 by wetgbt zrao , 

weigh, Claytone™ AT orgarroclay (from Southern Clay Products):ATH). 
30 re parative Examples g a„rt C4 and Fxa m ples 12 to 18 

Example 4 was repeated, but replacing ^.following proportions of ATH-.Clay 
A for the 50:50 ratio previously described: 
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ComparauveExampleC3:CLDO + 2%AC400 + 61%ATH; 

Example 12: CLDO + 2% AC400 + 61% filler (90.10 by weight ATH:Clay A , 

Example 13: CLDO + 2% AC400 + 61% filler (70:30 by weight ATH:Clay A ; 

.ExampleH: CLDO + 2% AC400 + 61% filler (60:40 by weight ATH'.Clay A); 
5 Example 15: CLDO + 2% AC400 + 61% filler (40:60 by weigh, ATH:C ay A ; 
Example 16: CLDO + 2% AC400 + 61% filler (30:70 by weigh, ATH:Clay A^ 
Example 17: CLDO + 2% AC400 + 61% filler (50:30:20 by weigh, Clay A:ATH. 

CLDO + 2% AC400 + 61% filler (30:70 by weigh, zinc bora,e:Clay A); 
10 ComparativeExampleC4: CLDO + 2% AC400 + 61% filler (5:95 by weight 
Claytone™ AF organoclay:ATH). 

Test Methods 

15 Viscosity measurements 

Viseo^m—entsoftbepolymercomposifionsofExampleslto^ 
t.eeontrolswere^efioutusingaRosandeapiUaryex^io^eome.era^OC 
~ ands peed S se^e n ceof200,50«20 > 10,5,2 > l,0,5,L2,5,10,20 ; a n d50. The, 

20 results are shown in Figures land 2 of fire drawings. 

l-har Strength Measurements 

Qualtefiveassessmentsofcha.srxenguiandformweremadeoftepelymer 
25 eompo S itionsofExamp,esl to 18, i mdCompamfiveEx a mplesClandC3 . 
eorilefionofthefiommabUi^^fseebdow). The results «. shown m Tables 2 
and 3: 

UadsMUasLgM . 

30 

The UL94 ftanmability test protocol was performed on 1 50 x 10 x 1mm test 
samplesofthepolymercompositionsofExamples 1 to 18, and Comparative 

Examples CI and C3. 
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According to this test protocol, the test samples were clamped in a vertical 
position. TnelowerendwaspositionedSOOrnmaboveacottonwoolpadandignited 
with a Bunsen burner blue flame of 20mm height. The flame was applied for 1 Osec 
and ftttamng properties were recorded and reported in Tables 2 and 3 below 
(columns headed "Flame time to clamp" (the time taken in seconds, for the flame to 
reach the clamp); "Flame Dripping" (whether the polymer composition dripped 
during burning); "Cotton Ignition" (whether the cotton wool pad was ignited by any 
dripping polymer); "Char Strength" (a visual assessment of the nature and strength of 
any char)- "V rating" (a flammability rating according to the test method; the assigned 
V rating in Tables 2 and 3 is not authoritative, as the test sample dimensions were 
smauermanmeprescribed ^ 
results are shown in Tables 2 and 3. 

OKygea Tn^x British Standard 7 7 87 Part T, Method 141BU986) 

The oxygen index test was carried out on 70 x 4 x 2mm test samples of the 
polymer compositions of Examples 1 to 4, as well- as Comparative Examples CI and 
C3 The test used an oxygen index machine, which measured the minimum 
concentration of oxygen in a flowing mixture of oxygen and nitrogen that just, 
supported flaming combustion of the burning polymer. Thetest samples were 
clamped in a vertical position inside the glass chimney of the machine and'ignited and 
burntfrom top downward The oxygen index (OI) is expressed in terms of this 
oxygen concentration and values for the above compositions are reported in Tables 2 
and 3. 
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The tensile strength of the polymer compositions was measured in 
conventional manner. The data (expressed in MPa) are shown in Tables 2 and 3. 



Elongation 



The percentage elongation at breaking was measured in conventional manner 
a the polymer compositions. The results are shown in Tables 2 and 3. 



WO 03/082965 



20 



PCT/GB03/01364 



Table 2 



Fire properties 



Mechanical 
Properties 

Tensile 
strength 
MPa 



Composition 



[CI 
Example 5 
Example 6 
Example 7 
Example 3 
Example 8 
Example 9 
Example 1 
ample 10 
ample 11 . 



Flame time 
to the 
clamp 
(sec) 



Flame 
Dripping 



104 



Cotton 
ignition 



Oxygen 
Index 
(OI) 



29 



Soft shell 
Soft shell 



Yes 
Yes 



NO 
Yes 



NO 

"Ye^T 
" N/a 

'"nTeT 



Softa 
Soft shell 
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Table 3 




The polymer formulation used in 



this Example is snown in Table A below: 



10 




Role 



EscoreneUL00ll9 
Filler (ATH and/or clay) 

IrganoxlOlO. 
PerkadoxBC40-40MB-gr 

Tri-(2 methoxyethoxy) vinyl silane 



EVA resin I 
Flame Retardant Filler 
Antioxidant 
Dicumyl peroxide 
(40% active). 
Dry Silane coupling agent 
_( ^0% active) 



phr 

(active) 


wt% 


loo 1 


37.84 


160 


60.54 


1 


0.38 


0.03 


0.03 


1.6 


1.21 



ftLKetfePer^oxBC^^OMB-grisavaUableftomAkzo-Kobel. 
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re parative Fvample 20 

AsacomparafiveexampletoExample 19, 10% by wt of the ATH was 
5 ^lacedbyClaytone^^AFwhiehisanex^pleofanorganomontmoratote. 

Proration of Compositions 

A range of such polymer compositions was prepared, using different fUlers as 
10 de.ailedbe.ow. Filling (compounding) was carried out using a laboratory Banbury 

mixei of 1.57 litres. . 

A sheet of filled polymer composition was made in each case, usmgatwmroll 
mill set up at 120°C, and plaques were then pressed at 160°C. 

15 Testing 

TensUestiengm(atpeak)andelongationatbreakweretestedusinga 
Monsanto tensometer. Test pieces of the polymer sheets were conditioned for _ 
hours at23»C, 50% relative humidity, prior to testing. The test speed was set up at 

20 100 mnVrnin. QC 
With the specific exceptions noted here,, the test procedures were generaily as 
describedaboveibrExamplesltolS. mmeburnmg/drippmg test:^-^ , { , 

-tonnmberof drips was recorded. Char stiengfh waa tested fa Example 9after 
The foUowing studies were carried out: ■ 

(A) Flame retardancy, combustion and mechanical properties of polymer 

30 compositions^ 

particle size, shape and number; 



(B) 



Investigation into the effect of the ATHxlay ratio; 



WO 03/082965 23 

(C) Investigation into the effect of silane. 
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5 ^ positions c ^ """* ^™ various ci y 

~fw. g of nartH - size and shape 

r> mr ndtirm Details 

. . > m T „ Wp a f e ii i n to three categories, the details 
10 The polymer compositions from Table 4 ten mxo 

of which are set out in Table 5 below: 



Table 5 



1- ATH control 

2- 50:50 (wt %) ATH:clay 

3- 10% (wt) by replacement 
nrfranomontmorillonite 



ATH 
ATH : clay 
ATH : Claytone™ AF 



160 
80 : 80 
145 : 16 



15 ^^fLu^**^*^^**^*"^ 
^aingto^epre^tinvention. The other two formulations are for means of 

20 Tables la and lb.above and the assoeiated diseussion. 



Tfcemeehanicalandflame/com^^ 
2 5 c on^g50:50w,%.Amc 1 aya re shownmTables6and7,andmF lff ares3to7 

of the drawings. 
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Mechanicals 
TS/MPa s/% 


Superfine SF7 


10.1 


126 


A 


13.1 


101 


B 


11.7 


117 


C 


11.4 


138 


D 


12.1 


120 


E 


12.4 


106 


F 


11.8 


123 


G 


12.6 


126 


H 


11.6 


178 


I 


12.2 


113 


J 


12.5 


94 


K 


10.7 


97 


L 


13.4 


104 


M 


12.6 


147 


Claytone AF 


11 


595 


N -Talc 


12.8 


105 



Table 7 





vol% filler 


NSE 


d50 
(urn) 


Number 
particles 
per um 3 


Char 
strength 

(g) 


Drip 
No. , 


Superfine SF7 


0.3769 


3 


0.8 


1.406. 


0 


-50 


A 


0.175 


130 


1.22 


0.184 


80 


1 


B 


0.175 


70 


1.8 


0.057 


67 


7 


C 


0.175 


32 


1.2 


0.193 . 


55 


7 ' 


D 


0.175 


23 


0.6 


1,547 


77 


4 


E 


• 0.175 


28 


0.6 


. 1.547 


110 


2 


F 


0.175 


15 


0.5 


2.674 


100 


2 


G 


0.175 


25 


0.4 . 


5.222 : 


77 


1 


H 


0.175 


35 


0.2 


41.78 


80 


1 


I 


0.175 


13 


0.22 


31.39 


107 


0 


J 


0.175 


25 


0.12 


193.4 


113 


j 3 


K 


0.175 


3 


2 


0.042 


o 


-50 


L 


0.175 


3 


• 0.5 


2.674 


20 


7 


M 


0.175 


3 


0.3 


12.38 


85 


1 
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vol% filler 


NSF 


d50 

(um) 


T\Ti i m T» pi* 

1> U.X11UCI 

particles 
per um 3 


Char 
strength 
(g) 


Drip 
No. 


Claytone AF 


0.0344 


1000 


0.5 


0.526 


80 


0 


N-talc 


0.175 


22 


1.8. 


0.057 


53 


4 



Figure 3 illustrates some of the data from Table 7 in graphical form by plotting 
the mass needed to crush the char (grams) against the Number of clay particles per 
unit volume (as calculated using the formula stated above) in the polymer 
composition. It will be seen that, surprisingly, there is a general correlation between 
char strength and number of particles per unit volume, and that a particularly good 
char strength, in combination with a good drip resistance (from Table 7) is observed 
when the number of particles per unit volume is above about 0.01 particle per um 3 , 
(corresponds to 1 particle per lOOum ). 

Mechanical properties 

Generally speaking, the replacement of half the ATH (by wt%) with a clay 
resulted in a slightly higher tensile strength and similar elongation at break. The 
formulation with replacement of 10% of ATH with the organoclay Claytone™ AF 
gave similar tensile strength (1 1 MPa) and improved elongation. 



25 
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Fire beha viour 

The dripping and char strength results are also shown in Table 7. Overall, 
better char correlates with less dripping, but dripping is also influenced by other 
factors such as melt viscosity and filler dispersion. 

Microscopic observation of the 'good' chars (e.g. with Clay L) revealed a 
strong porous network structure whereas the weak char obtained with Clay B seems to 
comprise a smoother layer of clay and dumina around the surface. Whilst not Wishing 
to be bound by a particular theory, it appears that when the polymer composition 
burns, aporousnetworkof fmermay formaround gas i bubbles, and a fast formation is 
needed for good char strength.. Fusion between clay particles will be encouraged by 
increased physical contact, i.e. if there is a large number of small particles per unit 
" volume of the filler. 



WO 03/082965 PCT/GB03/01364 

26 

A good correlation was obtained between the char strength of all compounds 
and the number of particles in a unit volume (urn 3 ) calculated using d 5 o (Sedigraph) 
and the formula shown above - see Figure 3. Better char strength was achieved with a 
larger number of particles (note the logarithmic scale in Figure 3). It is believed that 
clay particles contact each other quickly when there are a large number of them (it is 
possible that small and platey may be the best combination). Furthermore, at the right 
burning temperature, the clay platelet can fuse together and form a strong network. 
The results shown in Figure 3 also suggest that the fusion with calcined clay may not 
be as strong (or occurring as fast) as with hydrous clays. It is possible that the 
chemical make-up of the clays may also affect char strength, as shown for example by 
the good char obtained with clay M. 

The cone calorimetry results are given in Table 8 below and in Figures 4 to 7. 
The figures are the average of three measurements. 





PHRR 


IT 


FPI 


THR 




(kW/m 2 ) 


(sec) 


(s.kWW) 


(kJ) 


Superfine SF7 


154 


105 


0.68 


822; 


A 


161 


85 


0.53 


767 


B 


151 


88 


0.58 


784 


C 


151 


90 


0.6 


686 


D 


159 


80 


0.5 


697 


E 


158 


83 


0.53 . 


650 


F 


162 


90 


0.56 


655 


G 


144 


97 


0.67 


763 


H 


165 


98 


0.62 


895 


I 


169 


98 


0.58 


714 


J 


141 


101 


0.71 


760 


Claytone iM AF 


165 


97 . 


0.59 


752 



wherein PHRR is the peak heat release rate (smaller is better), IT is the 
ignition time (longer is better), THR is the total heat release (smaller is better) from 
cone calorimetry and FPI the fire performance index (= IT/PHRR, larger is better). 



Overall, the 50:50 (by wt %) replacement of ATH with clay resulted in a 
shorter ignition time (IT), a similar peak heat release rate (PHRR) and smaller total 
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heat release (TOR) compared to the ATH control formulation. These gave a similar 
performance to the 10% replacement of ATH with Claytone™ AF. The comparison 
between the various clays shows that the ignition time is improved with increasing 
number of particles, as shown in Figure 7. The finest clay, Clay J , gave an ignition 
time close to the ATH control and gave overall the best fire properties. The fire 
performance index, FPI (IT/PHRR), was slightly better than for the ATH control 
(balance between ignition time and peak heat release rate). 

Overall, the C0 2 and CO emissions of ATHxlay compounds were similar to 
that of the ATH control. The compounds also gave similar specific extinction area 
(Le. the effective optical obscuring area generated by 1 kg of mass loss of specimen). 
These measurements were carried out using the cone method. 



15 
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(K) Investigation into the effect of th e ATH:clav ratio 

Due to the difference in specific gravity of the fillers ATHxlay (2.42 vs. 
2.65 g/cc), the volume of polymer present in the composition increases when 
replacing ATH by clay and the total filler volume decreases. In order to correct for the 
volume of polymer increasing when replacing ATH by clay, slightly more ATH was 
added to the ATHxlay polymer. The replacement of ATH with increasing levels of 
Clay B on a volume basis was carried out so that the resin was always present as 
60.45 vol. % and the total filler as 37.69 vol.%. The various compounds are ■ 
summarised in Table 9 below which gives data for EVA formulations with various 
ATH:Clay B ratios (replacement on a volume basis). The level of silane was not 
adjusted for the slight changes in total filler loading. 



Simplified 
ATH: clay 


ATH: clay after 
volume correction 


Corresponding 
DhrATH:clay 


100:0 


100:0 


160 :0 


75:25 


77.17.: 36 


123.47 : 40 


60:40 


63.48 : 40 


101.56:64 


50:50 


54.34:50 


86.94 : 80 


40:60 


45.21 : 60 


72.34 : 96 


25:75 


31,51 :75 


50.42: 120 


0:100 


0 : 109.5 


0: 175.21 
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Mechanical and fire properties 

Table 10 below shows the mechanical and burning properties as a function of 
ATH:Clay B ratio (by volume). 



Table 10 





Vol % 
ATH 


TS 
(MPa) 


e/% 


UL-94 
burning 
time (s) 


drip 
no. 


char 
strength 
(g) 


IT 

(s) 


PHRR 

kW/m 2 


LOI 


100 ATH 


37.69 


9.6(0.2) 


180 (19) 


147 


many 




152 


149 


33.5 


75:25 


29.09 


10.2 (0.1) 


158(31) 


108 


20 


20 


147 


135 


30 


60:40 


23.92 


10.5(0.1) 


180 (19) 


95 


12 


40 


142 


145 


27 


50:50 


20.48 


11 (0.1) 


150 (21) 


93 


7 


25 


141 


121 


26 


40:60 


17.04 


10.5 (0.2) 


201 (54) 


89 


14 


10 


130 


149 


25.5 


25:75 


11.88 


10.5(0.1) 


174 (33) 


83 


10 


35 


140 


142 


23.5 


100 clay B 


0 


11.1(0.5) 


405 (100) 


47 


many 


15 


130 


217 


21 
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In terms of mechanical properties, all ATHClay B compositions showed 
similar tensile strength (between 10.2 and 1 1 MPa) and elongation at break (around 
1 50-200 %). The best elongation was found for the composition containing clay only 
(400%). ■ 

In terms of fire behaviour, the limiting oxygen index decreased (hence was 
worse) with decreasing ATH content in the composition. This also agreed with the 
faster burning in the UL-94 vertical burning test and the shorter ignition time on cone 
caloriraetry when more ATH was replaced with clay. However, the best behaviour for 
dripping was obtained for the 50:50 blend. This might be due to the optimum balance 
between the cooling behaviour of ATH and the char formation with clay. 

Some of the chars obtained after burning at 900°C were difficult to remove 
from the ceramic dish without breaking them. This had the effect that the char 
strength could not be assessed accurately. The best char was obtained for the 60:40 
ATHClay B compound. However, the compositions at higher clay content also had 
strong chars, as shown in Table 10. These clay compositions also gave good peak heat 
release rate compared to the ATH control. These results show that there is a range of 
replacement of ATH possible. 
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fC) Investigation into the effect of silane 

The peroxide level was set to 0.03 phr of active peroxide (0.075 total phr) and 
a range of silane concentrations was investigated. The compounds were 50:50 
ATHiClay G (wt%. basis) and the silane levels are recorded below in Table 1 1, which 
shows silane levels (by wt%) used in 50:50 by weight % ATH:Clay G formulation. 



Table 11 



wt. % silane on 


Active phr 


Total phr 


Active wt. 


filler (ATH+clay) 




% 


0.5 


0.8 


1.6 


0.61 


1 


1.6 


3.2 


1.21 


1.5 


2.4 


4.8 


1.82 


2 


3.2 


6.4 


2.42 



The effect of silane level on the mechanical and fire results are summarise 
Table 12 below, which shows silane levels (by wt%) used in 50:50 by weight % 
15 ATH:Clay G formulation. 



Table 12 



Filler Clay G:ATH 


Tensile 
strength / 
MP a 


Elongation 
at break/ 

% 


1 st burn 
time / s 


Number of 
drips 


- 0.5% silane 
- 1% silane 
- 1.5% silane 
. - 2% silane 


12.4 (0.1) 
12.6 (jO.l) 
12.4 (0.1). 
12.6(0.2). 


165 (16) 
131(9) 
129(7) 

1.34 (14) 


79 (11) 
88(20) 

80 (7) 
71(7) 


3 
1 
1 
1 



20 All of the compounds gave similar mechanical properties. 

On the UL-94 vertical burning test, the slowest burning composition was that 
using the 1% silane, which dripped and ignited the cotton once after the flame had just 
reached the top of the sample. The 1.5% and 2% silane compositions behaved in a 
similar way, only dripping once, but they burned more rapidly. This may be due to the 

25 excess silane in the system, resulting in more organics to.be burnt. 
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The 0.5% silane composition produced the least favourable results, dripping 
an average three times during the test period, and also burning more rapidly than the 
1% compound. The optimum silane concentration is therefore about 1% active weight 
on the total filler since it provides the best fire behaviour. 

5 

Discussion of All the Examples 

Referring to the results shown in Figures 1 and 2, there is little difference in 
the viscosity of all the compositions. The graph lines for the CLDO compositions are 
1 0 below the graph lines for the Escorene compositions, showing that the CLDO 

compositions have generally lower viscosity than the Escorene compositions. This is 
in agreement with the viscosity of the base polymers, as the CLDO has lower 
viscosity than the EVA polymer. 

Viscosity measurements of the polymers composition with 61% clay and 2% 
15 plasticiser are given in Figure 1(a). Again, there is little if any difference in the 

viscosity of the composition as a result of inclusion of Clay A. This indicates that the 
ATH could be replaced in a large percentage with the clay without affecting the 
production speed of the .polymer composition, e.g. in an electrical cable 
manufacturing process. v 
20 The viscosity of the compositions with 50ATH: 50 Clay A with total filler 

loading of 61% was also measured and the data are given in Figure 2 of the drawings. 
It can be.concluded that there is little adverse effect on viscosity bypartialiy 
substituting ATH with Clay A. 

All the compositions of the Examples 1-18 (i.e. according to the present 
25 invention) produced a char in the form of a shell, a significant improvement on the 
ash produced when ATH alone was used as filler. 

Indeed, as shown in Tables 2 and 3, it is advantageous for the clay to be 
present with ATH. The clay may suitably be present in an amount greater lhan the 
ATH. At a clay loading equal to and above 50:50 Clay A:ATH, the clay/ATH filler 
30 stopped dripping of the molten CLDO polymer. 100% clay was required before 

dripping of the Escorene polymer was stopped. The incorporation of relatively large 
amounts of clay into the filler in partial substitution for the ATH does not 
significantly impair the other fire and mechanical properties of the polymer 
compositions, compared with the polymer filled with ATH alone. 
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Comparative Examples C2 and C4 used a mixture of Claytone AF organoclay 
and ATH (5:95). This is an organomontmoriUonite clay of the type described in WO- 
A-01/46307. The clay compounded well with base polymers and the mechanical 
properties are given in Tables 2 and 3. While the elongation of these compositions 
5 was quite high, the tensile strength was significantly poorer than the compositions of 
the present invention, and poorer even than the comparison compositions filled with 
ATH alone. 

As shown in Figure 3, the effect of increasing the number of clay particles in a 
given volume (typically via increasing shape factor and/or decreasing the diameter of 

10 the clay disk) has the effect of increasing the char strength. As shown in Table 6, this 
advantage can be combined with a very low tendency of the filled composition to drip 
during combustion. The effect of increasing the number of clay particles in a given 
volume also results in an improvement in the ignition behaviour, i.e. increased 
ignition time as shown in Figure 7. The 50:50 (by wt%) clay:ATH formulations of the 

15 present invention compare well in terms of fire performance with a 10:90 (by wt%) 
mix of Claytone™ AF organoclay ATH. 

Conclusion 

20. The use of a particulate clay in accordance with the present invention as a 

- filler component in polymer compositions, in effective amounts and optionally in the 
presence of co-additives, offers significant cost and technical advantages in the 
formulation of flame retardant polymer compositions having generally acceptable 
char strength, optionally togelher with good drip resistance and other properties. 

25 • The present invention has been described broadly and wimout limitation to 

specific embodiments. Variations and modifications as will be readily apparent to 
those of ordinary skill in this art are intended to be included within the scope of mis 
application and subsequent patent(s). 



